Alginates are natural polysaccharides that are extracted from brown seaweeds and widely used for their rheological properties. The central step in the extraction protocol used in the alginate industry is the alkaline extraction, which requires several hours. In this study, a significant decrease in alginate dynamic viscosity was observed after 2 h of alkaline treatment. Intrinsic viscosity and average molecular weight of alginates from alkaline extractions 1-4 h in duration were determined, indicating depolymerization of alginates: average molecular weight decreased significantly during the extraction, falling by a factor of 5 between 1 and 4 h of extraction. These results suggested that reducing extraction time could enable preserving the rheological properties of the extracted alginates.
Abbreviations: [η] , intrinsic viscosity (L.g-1); C, alginate content (g.L-1); Mw , average molecular weight (Da); Na-Alg, sodium alginate; t, average elution time (s); ts, average solvent elution time (s); ηred, reduced viscosity (L.g-1)
Alginates are naturally present in the cell wall of brown seaweeds (Kloareg and Quatrano 1988) . These polysaccharides have interesting rheological properties and are widely used in various fields of industry: textile, food, paper, cosmetics industry, pharmaceuticals and so forth (Pérez et al. 1992) . The direct alginate industrial protocol is divided into several steps: acidification, alkaline extraction, solid/liquid separation, precipitation, conversion to the desired salt, drying and milling. Alkaline extraction represents the main step, and, depending on the species, it may require several hours to reach the optimum extraction yield (Pérez 1997) . Many works have characterized alginates in terms of rheological and molecular features (Gacesa 1988 , Draget et al. 2001 , Oberyukhtina et al. 2001 , Ballance et al. 2005 , but only few from a process point of view. However, alkaline extraction time is supposed to influence the rheological properties of alginates: the reaction conditions are favorable to bacterial development and endogenous alginate lyases activities, which are likely to cause alginate degradation (Moen et al. 1997) . Hernández-Carmona et al. (1999) observed a loss of viscosity during alkaline extraction (70°C-90°C) of alginates from Macrocystis pyrifera. Their experiments consisted of measuring viscosity to get an indirect measurement of extraction yield. During the first few hours, viscosity increased with sodium alginate concentration, and loss of viscosity was detected only when extraction yield had stabilized. It seemed interesting to eliminate extraction yield influence by working with equal concentration sodium alginate solutions from several alkaline extractions of different durations. In this paper, dynamic viscosity, intrinsic viscosity, and average molecular weight of alginates from Laminaria digitata (Huds.) J.V. Lamour. were determined for 1-4 h alkaline extractions at ambient temperature. All alginate extraction experiments were conducted on L. digitata fronds harvested in Portsall, Brittany, France, and stored in a 2% (w/w) formalin solution (for <1 month). Algae discs of 8 mm diameter were punched out of several 2-year-old whole fronds to minimize heterogeneity problems like variation of alginate content in function of the frond and in function of the part of the frond (Pérez 1970) . The extraction protocol was a laboratory adaptation of the industrial process described by Pérez et al. (1992) . Algal pieces were rinsed and then immersed in a 0.5 M H 2 SO 4 solution at 4°C for at least one night. For each extraction experiment, 50 g of algal pieces were rinsed with distilled water and soaked in 1 L of a 4% (w/w) Na 2 CO 3 solution under continuous stirring. At the end of the extraction time, algal particles were separated from the solution by means of a nylon filter cloth. Supernatant sodium alginate content was quantified for each sample according to Kennedy and Bradshaw (1984) , where η red is the reduced viscosity, t is the average elution time, t s is the average solvent elution time (NaCl 0.1 M) and C is the alginate content. Reduced viscosity versus concentration curves were then built, and intrinsic viscosity was estimated by extrapolating reduced viscosity when concentration tends toward 0 by means of linear regression. The model proposed by Mancini et al. (1996) ) is 1 h, and 4 h is the extraction duration required to reach the maximum sodium alginate content. Supernatant sodium alginate content values are displayed in Table 1 , and rheograms of 1 g.L -1 sodium alginate solutions are presented in Figure 1 . At high and medium shear rate, viscosity is independent of the extraction time (~1 mPa.s). But at very low shear rate (<1 s -1 ), dynamic viscosity depends on extraction time: a significant decrease appears after a 2 h extraction, and a minimum is reached after 3.5-4 h extraction. Dynamic viscosity decreases from ~0.1 Pa.s to ~0.01 Pa.s between 1 and 4 h extraction at 0.1 s -1 shear rate. These results highlight the influence of extraction time on alginate intrinsic viscosity and, consequently, on its average molecular weight present in solution, which is important since alginates being polydisperse polysaccharides. Intrinsic viscosity of the different samples was assessed by means of capillary viscosimetry. Elution time of each sample was measured in triplicate for different dilutions. Average elution time, intrinsic viscosity and average molecular weight results are given in Table 1 . Average molecular weight decreases significantly during the extraction, falling by a factor 5 between 1 and 4 h of extraction. These results confirm the decline in rheological quality during the alkaline extraction of alginates. According to Moen et al. (1997) and Smidsrød et al. (1963) , depolymerization of alginate molecules is linked to the activity of endogenous alginate lyases, catalyzed by polyphenols that are naturally present in seaweeds. As elimination of these compounds is impractical from an industrial point of view, the most evident solution to avoid these effects would be to reduce the extraction time. Future investigations on process parameters influencing the extraction kinetics would be of interest. Pérez, R. 1997 
